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Introduction {#sec001}
============

The fibularis tertius muscle (FTM) was first described by Vesalius in 1816 \[[@pone.0215118.ref001]\] and was subsequently studied in detail by Henle \[[@pone.0215118.ref002]\] and Hyrtl \[[@pone.0215118.ref003]\] in the nineteenth century. It is well-documented in anatomy textbooks that the muscle forms part of the anterior compartment of the leg and crosses anterior to the ankle joint to extend up to its insertion in the anterior part of the 5^th^ and 4^th^ metatarsal bases as well as in the 5^th^ metatarsal shaft, explaining its main muscle function as an ankle evertor \[[@pone.0215118.ref004]\].

Also, it usually appears between the distal third and the half of the fibula from the intermuscular septum and is associated with a derivation of the extensor digitorum longus muscle, and extends into the nearby deep fascia \[[@pone.0215118.ref005]--[@pone.0215118.ref008]\]. The FTM is also known as the fifth tendon of this muscle \[[@pone.0215118.ref009]\], and its presence is inconstant among humans \[[@pone.0215118.ref010]\].

Anthropologically, the FTM plays an important functional and evolutionary role in the efficient terrestrial locomotion related to biomechanical role in midfoot stability \[[@pone.0215118.ref004],[@pone.0215118.ref011]\] and dorsiflexion and eversion of the foot \[[@pone.0215118.ref010]\], and it assists in ankle dorsiflexion \[[@pone.0215118.ref012]\]. During human locomotion, FTM functions in combination with extensor digitorum longus and tibialis anterior muscles during the swing-phase to stabilize the foot and separate the toes from the ground. Nevertheless, FTM shows a lack of support-phase muscle activity suggesting that this muscle may not be a key muscle to support the lateral longitudinal arch \[[@pone.0215118.ref011]\]. From an evolutionary point of view, comparative anatomy shows a low FTM prevalence among monkeys and reaches up to 30% of prevalence in gorillas due to their almost exclusive terrestrial locomotion. The prevalence of FTM among humans as well as similar functional muscles if FTM is missing could support a key role of FTM regarding the erect bipedal posture and gait phylogenetic development \[[@pone.0215118.ref008],[@pone.0215118.ref013]\].

Furthermore, this structure is innervated by the deep fibular nerve and is involved in neuromuscular control and protection against talofibular ligament injuries, which improves the efficiency and enhances the economy of human locomotion \[[@pone.0215118.ref008],[@pone.0215118.ref014],[@pone.0215118.ref015]\]. Consistently, a small nerve branch emerges from the deep fibular nerve next to the extensor digitorum longus origin, which runs parallel between extensor digitorum longus and extensor hallucis longus, and finally pierces the FTM \[[@pone.0215118.ref010]\]. In addition, the FTM is supplied by the anterior tibial artery similar to other muscles of the leg anterior compartment \[[@pone.0215118.ref016]\].

However, not only is the presence of the FTM inconsistent among humans, but its morphology can vary greatly between the right and left feet as it can have a similar bulk to the extensor digitorum longus muscle or it may be reduced to a rudimentary structure \[[@pone.0215118.ref008]\]. The existence of the FTM in many different populations has not yet been clearly established. It can be detected during physical evaluations and is associated with certain disorders: lateral or ankle pain \[[@pone.0215118.ref017]--[@pone.0215118.ref019]\], Jones fractures \[[@pone.0215118.ref020],[@pone.0215118.ref021]\], tenosynovitis \[[@pone.0215118.ref022]\], and stress fractures \[[@pone.0215118.ref015],[@pone.0215118.ref020]\], and it can be used during reconstructive surgery for ligamentous laxity \[[@pone.0215118.ref019],[@pone.0215118.ref023]\] to fix a soft tissue defect in the leg or foot \[[@pone.0215118.ref024]\] or an ankle injury \[[@pone.0215118.ref025]\].

According to Vertullo et al \[[@pone.0215118.ref026]\], the FTM insertion site is an important factor in Jones fractures. The FTM can be used by plastic and orthopedic surgeons while performing tendoplasty, tendon transfer, or resection surgeries on the foot. Also, its muscle flap and tendon can be used for transposition to correct ankle joint laxity, and in transplantation surgeries for foot drop \[[@pone.0215118.ref027]\]. Therefore, the presence or absence of this muscle is important from academic and clinical points of view.

While searching the literature, we found that there were no studies regarding the anatomy of the FTM in populations in Spain. As prevalence of the FTM has not been described in Spain, the purpose of this study was firstly to determine the prevalence of the presence or absence of the FTM, and also to identify whether it is associated with an individual's sex and whether it is more likely to be present in a Spanish population compared with populations in other countries.

Methods {#sec002}
=======

Design and sample {#sec003}
-----------------

A total of 500 participants were recruited from June 2016 to May 2017 for the research, which was conducted at a Podiatric Medicine and Surgery Clinic that provides treatment for diseases and disorders of the foot at University of Extremadura, Spain. The study is a cross-sectional study ([S1 File](#pone.0215118.s001){ref-type="supplementary-material"}) and a non-probability consecutive sampling technique was used to select the 500 participants. Nine males and ten females refused to take part in the study, while the remaining 481 individuals (113 males and 368 females) gave consent and were enrolled. The inclusion criteria were being aged ≥18 years and providing informed consent to take part in the study (taking part in an examination). The exclusion criteria were having a history of a medical condition that might affect balance, a history of trauma or lesions of the lower leg, ankle or foot, and refusal to sign the consent form or being incapable of understanding the instructions necessary to take part in the research.

Patient and public involvement statement {#sec004}
----------------------------------------

The development of the research question was carried out during observation of the presence of the fibularis tertius muscle in the lower extremity from the Podiatric Medicine and Surgery Clinic of the University of Extremadura. Outcome measures were assessed by the same trained examiner after patients were informed. Patients were involved by a consecutive sampling method during recruitment. The participants were advised that the results of the study were going to be published and available for them upon request to the principal investigator.

Sample size {#sec005}
-----------

The sample size was calculated with software from Unidad de Epidemiología Clínica y Bioestadística, Complexo Hospitalario Universitario de A Coruña, Universidade A Coruña ([www.fisterra.com](http://www.fisterra.com/)) \[[@pone.0215118.ref028]\]. The calculations were based on the total population living in Spain, which amounted to 42,104,557 adults on January 1, 2017. (<http://www.ine.es/dyngs/INEbase/es/operacion.htm?c=Estadistica_C&cid=1254736176951&menu=ultiDatos&idp=1254735572981>). It was determined that, based on a two-tailed test, a desired power of 80% (with a β level of 20%), and a precision of 5% (with an α level of 0.05) for a proportion of 50%, assuming no loss of participants, at least 384 participants must be studied. Ultimately, 481 participants were included in the study.

Procedure {#sec006}
---------

For every enrolled volunteer, the same trained examiner recorded several factors prior to the assessment using an identical protocol, comprising demographic characteristics as age, sex and BMI the inclusion criteria were able to walk independently. Next, anthropometric features were measured, i.e., height and weight with the subject barefoot and wearing short pants. The body mass index (BMI) was then calculated from the height (m) and weight (kg^2^), applying Quetelet's equation (BMI = weight / height^2^) \[[@pone.0215118.ref029]\].

Finally, to determine the presence or absence of the FTM, an assessment was carried out in all subjects using the method described by Tixa \[[@pone.0215118.ref030]\] and Kendal \[[@pone.0215118.ref031]\]. Each subject sat with a relaxed posture, knee flexed at approximately 110°, and they were asked to evert the ankle and dorsiflex the toes with resistance by placing contact with the finger of the clinician along the lateral border of the foot. If the FTM tendon was visualized or felt during palpitation, this was taken to indicate the "presence" of the FTM ([Fig 1](#pone.0215118.g001){ref-type="fig"}). An identical protocol was used to evaluate the contralateral foot. FTM assessment by palpation of the tendon has previously been validated by comparing the results with the presence of the FTM based on magnetic resonance imaging, which indicated 100% accuracy \[[@pone.0215118.ref014]\].

![Dorsolateral view of left foot and ankle showing the tendons of the fibularis tertius (arrow) and the extensor digitorum longus tendons (arrowheads).](pone.0215118.g001){#pone.0215118.g001}

Ethical considerations {#sec007}
----------------------

This research was approved by the Bioethics and Biosafety Committee at the University of Extremadura (approval code: 52/2017). All the included subjects gave their consent in written form before their inclusion in the study. Ethical standards regarding research on humans were followed, based on the Declaration of Helsinki (World Medical Association), Convention of the Council of Europe on Human Rights and Biomedicine, Universal Declaration of the United Nations Educational, Scientific and Cultural Organization (UNESCO) on the Human Genome and Human Rights, and other appropriate national or institutional organizations.

Statistical analysis {#sec008}
--------------------

Demographic characteristics, comprising subject age, height, weight, and BMI, were recorded, and descriptive analyses of these quantitative variables were carried out to summarize the variables using means, standard deviations (SDs), and maximum and minimum values. Categorical variables, absence or presence of the FTM, were recorded as frequencies and percentages. Data set is available as [S2 File](#pone.0215118.s002){ref-type="supplementary-material"}.

All the variables were examined for normality using the Kolmogorov Smirnov test, and the data were considered to be normally distributed if P \> 0.05. For the variables that were normally distributed an independent t-student test was used to test for significant differences between groups. Fisher's exact test was used to compare the qualitative variables between males and females and between countries (i.e., Spain and the countries covered in previous studies). The odds ratio (OR) for the presence/absence of the FTM, standard error, and 95% confidence interval (CI) were calculated according to Altman \[[@pone.0215118.ref032]\], and the associated test of significance (P-value) was calculated according to Sheskin \[[@pone.0215118.ref033]\].

In all of the analyses, statistical significance was established based on P \< 0.05. All the analyses were performed with commercially available software (SPSS Statistics for Windows, version 19.0; IBM Corp., Armonk, NY).

Results {#sec009}
=======

A total 481 people completed all the stages of the research process, 113 of whom were male (23.49%) and 368 of whom were female (76.51%). The demographic and clinical characteristics of the sample are shown in [Table 1](#pone.0215118.t001){ref-type="table"}.

10.1371/journal.pone.0215118.t001

###### Demographic and clinical characteristics of the sample.

![](pone.0215118.t001){#pone.0215118.t001g}

  -----------------------------------------------------------------------------------
                  Total\            Male\              Female\            \
                  Mean ± SD\        Mean ± SD\         Mean ± SD\         *P* value
                  Range\            Range\             Range\             
                  N = 481 (100%)    n = 113 (23.49%)   n = 368 (76.51%)   
  --------------- ----------------- ------------------ ------------------ -----------
  Age (years)     23.51 ± 5.369\    23.88 ± 5.526\     23.40 ± 5.322\     0.998\
                  (18--82)          (18--42)           (18--82)           

  Weight (kg)     64.46 ± 12.137\   76.77 ± 10.569\    60.68 ± 9.878\     0.001
                  (40--99)          (49--99)           (40--96)           

  Height (cm)     167.26 ± 8.678\   177.40 ± 7.316\    164.14 ± 6.385\    0.001
                  (116--198)        (155--198)         (116--183)         

  BMI (kg/m^2^)   22.93 ± 3.304\    24.35 ± 2.694\     22.504 ± 3.356\    0.001\
                  (16.43--44.59)    (18.70--30.10)     (16.43--44.59)     
  -----------------------------------------------------------------------------------

Abbreviations: BMI, body mass index; SD, standard deviation. In all the analyses, *P* \< .05 was considered statistically significant. The P-values are based on independent t-student test.

There was no significant difference in the presence of the FTM between male and females (P\>0.05). Females were 1.062 times more likely to have FTM, with an OR of 1.062 (0.687--1.641; P = 0.786), and 0.941 times more likely to have an absence of FTM, with an OR of 0.941 (0.609--1.455; P = 0.786) compared to males, as shown in [Table 2](#pone.0215118.t002){ref-type="table"}.

10.1371/journal.pone.0215118.t002

###### Comparison of the presence and absence of the fibularis tertius muscle in males and females in a population in Spain.

![](pone.0215118.t002){#pone.0215118.t002g}

  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Fibularis tertius muscle   Total\                  Female\                  Male\                    P value[\*](#t002fn002){ref-type="table-fn"}   OR\              P value[\*\*](#t002fn003){ref-type="table-fn"}
                             Prevalence/ total (%)   Prevalence / total (%)   Prevalence / total (%)                                                  (95% CI)         
  -------------------------- ----------------------- ------------------------ ------------------------ ---------------------------------------------- ---------------- ------------------------------------------------
  Presence                   184/481 (38.25%)        142/481 (38,6%)          42/481 (37.2%)           0.825                                          1.062\           0.786
                                                                                                                                                      (0.687--1.641)   

  Absence                    297/481\                226/481 (61.4%)          71/481 (62.8%)           0.941 (0.609--1.455)                           0.786            
                             (61.14%)                                                                                                                                  
  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Abbreviations:

\* Fisher's Exact Test.

\*\* OR, odds ratio. P\<0.05 (with a 95% CI) was considered statistically significant. If the 95% CI of the OR contained 1, the OR was considered not statistically significant.

Regarding the FTM in the right foot, there were no significant differences in the presence or absence between males and females (P\>0.05). Females were 1.062 times more likely to have the FTM in the right foot, with an OR of 1.062 (0.687--1.641; P = 0.786), and 0.941 times more likely to have an absence of the FTM in the right foot, with an OR of 0.941 (0.609--1.455; P = 0.786) compared to males, as shown in [Table 3](#pone.0215118.t003){ref-type="table"}.

10.1371/journal.pone.0215118.t003

###### Comparison of the presence and absence of the fibularis tertius muscle in the right and left feet in males and females in a population in Spain.

![](pone.0215118.t003){#pone.0215118.t003g}

  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Foot      Fibularis tertius muscle   Total\                 Female\                Male\                  P value[\*](#t003fn002){ref-type="table-fn"}   OR\                   P value
                                       Prevalence/total (%)   Prevalence/total (%)   Prevalence/total (%)                                                  (95% CI)              
  --------- -------------------------- ---------------------- ---------------------- ---------------------- ---------------------------------------------- --------------------- ---------
  Right     Presence                   184/481\               142/481 (29,52%)       42/481 (8.73%)         0.786                                          1.062 (0.687-.641)    0.786
                                       (38,25%)                                                                                                                                  

  Absence   297/481\                   226/481 (46.98%)       71/481 (8.52%)         0.941 (0.609-.455)     0.786                                                                
            (61,74%)                                                                                                                                                             

  Left      Presence                   185/481\               141/481 (29,31%)       44/481 (9,14%)         0.905                                          0.974 (0.632-.501)\   0.905
                                       (38,46%)                                                                                                                                  

  Absence   296/481\                   227/481 (47.19%)       69/481 (14.34%)                               1.026 (0.666-.582)                             1.905                 
            (61,53%)                                                                                                                                                             
  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Abbreviations:

\* Fisher's Exact Test.

\*\* OR, odds ratio. P\<0.05 (with a 95% CI) was considered statistically significant. If the 95% CI of the OR contained 1, the OR was considered not statistically

Regarding the FTM in the left foot, there were no significant differences in the presence or absence between male and females (P\>0.05). Females were 0.941 times more likely to have the FTM in the right foot, with an OR of 0.941 (0.609--1.455; P = 0.786), and 1.026 times more likely to have an absence of the FTM at left foot, with an OR of 1.026 (0.666--1.582; P = 0.786) compared to males, as shown in [Table 3](#pone.0215118.t003){ref-type="table"}. The presence or absence of the FTM in the right and left feet were similar for both sex.

A comparison of the presence of the FTM in the Spanish sample with the presence in other samples is shown in [Table 4](#pone.0215118.t004){ref-type="table"}. We found that the presence of the FTM in the Spanish sample compared with a French sample was not significantly different (P = 0.0746), with the Spanish sample being 0.789 times more likely to have the FTM, with an OR of 0.789 (0.608--1.024; P = 0.0748). On the other hand, there were significant differences with all other countries (except France), including Chile, India, Belgium, Poland, Brazil, the United Kingdom, Bolivia, and Austria, as shown in [Table 4](#pone.0215118.t004){ref-type="table"}, with P\<0.01 (and a 95% CI for the OR that did not overlap with 1.00).

10.1371/journal.pone.0215118.t004

###### Comparison of the presence and absence of the fibularis tertius muscle in Spain and other countries.

![](pone.0215118.t004){#pone.0215118.t004g}

  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Population studied (year) N                                                    Type of study        Presence\               Absence\                P value\* Spain vs. other country   OR (95% CI)\              P value
                                                                                                      Prevalence/ total (%)   Prevalence/ total (%)                                       Spain vs. other country   
  ------------------------------------------------------------------------------ -------------------- ----------------------- ----------------------- ----------------------------------- ------------------------- ---------
  Spain (2017) N = 481. Present study.                                           Surface anatomy      184/481 (38.2%)         297/481 (61.7%)                                                                       

  India (2015) N = 100 \[[@pone.0215118.ref040]\]                                Cadaver dissection   87/100 (87.0%)          13/100 (13.0%)          0.0001                              0.092\                    0.0001
                                                                                                                                                                                          (0.050--0.170)            

  Chile (2010)\                                                                  Surface anatomy      83/168 (49.11%)         85/168 (50.5%)          0.011                               0.634\                    0.011
  N = 168 \[[@pone.0215118.ref034]\]                                                                                                                                                      (0.445--0.903)            

  India (2006)\                                                                  Cadaver dissection   99/110 (90.0%)          11/110 (10.0%)          0.0001                              0.068\                    0.0001
  N = 110 \[[@pone.0215118.ref035]\]                                                                                                                                                      (0.036--0.131)            

  Belgium (2006) N = 200 \[[@pone.0215118.ref041]\]                              Surface anatomy      163/200 (81.5%)         37/200 (18.5%)          0.00001                             0.140\                    0.0001
                                                                                                                                                                                          (0.094--0.210)            

  Poland (2006)\                                                                 Cadaver dissection   160/193 (83.16%)        33/193 (16.84%)         0.00001                             0.127\                    0.0001
  N = 193 \[[@pone.0215118.ref042]\]                                                                                                                                                      (0.084--0.194)            

  Brazil (2006) N = 32 \[[@pone.0215118.ref043]\]                                Cadaver dissection   30/32 (93.8%)           2/32 (6.3%)             0.00001                             0.041\                    0.0001
                                                                                                                                                                                          (0.009--0.174)            

  United Kingdom (2005) N = 41 \[[@pone.0215118.ref044]\]                        Cadaver dissection   38/41 (92.7%)           3/41 (7.3%)             0.00001                             0.048\                    0.0001
                                                                                                                                                                                          (0.014--0.160)            

  Bolivia (2005)\                                                                Cadaver dissection   46/46 (100.0%)          0/46 (0.0%)             0.00001                             0.006\                    0.0004
  N = 46 \[[@pone.0215118.ref045]\]                                                                                                                                                       (0.0004--0.108)           

  Thailand (2004) N = 247 \[[@pone.0215118.ref046]\]                             Cadaver dissection   236/247 (95.55%)        11/247 (4.45%)          0.00001                             0.028\                    0.0001
                                                                                                                                                                                          (0.015--0.054)            

  France (1991)\                                                                 Cadaver dissection   201/457 (90.9%)         256/457 (9.1%)          0.0746                              0.789\                    0.0748
  N = 457 \[[@pone.0215118.ref047]\]                                                                                                                                                      (0.608--1.024)            

  Austria (1979)\                                                                Cadaver dissection   157/169 (92.9%)         12/169 (7.1%)           0.00001                             0.0474\                   0.0001
  N = 169 \[[@pone.0215118.ref007]\]                                                                                                                                                      (0.025--0.087)            

  Unknown country (Black people) (1979) N = Unknown \[[@pone.0215118.ref048]\]   Cadaver dissection   86/100\                 14/100 (14.00%)         0.00001                             0.100\                    0.0001
                                                                                                      (86.00%)                                                                            (0.055--0.182)            

  Unknown country (Jews) (1979)\                                                 Cadaver dissection   10/100\                 90/100 (90.00%)         0.00001                             5.575\                    0.0001
  N = Unknown \[[@pone.0215118.ref048]\]                                                              (10.00%)                                                                            (2.828--10.991)           
  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Discussion {#sec010}
==========

This research focused on identifying the prevalence of the FTM in a sample from Spain compared with samples from other countries, because this issue was not previously addressed in the literature.

Ramirez et al \[[@pone.0215118.ref034]\] stated that the significant difference between the prevalence of the FTM reported by Witvrouw et al (81.5%) \[[@pone.0215118.ref014]\] and their results (49.11%) could be due to the subjects in Witvrouw et al's sample being young athletes (with increased muscle development because of continuous physical activity), whereas Ramirez et al's sample comprised individuals who did not undertake significant physical activity and therefore had reduced muscle development. In our study, there were participants aged from 18 to 82 years old, and we believe that the age and physical activity of the participants was not a determinant factor of the identification of the FTM because identification of the FTM by palpation is very accurate (even in obese people). However, as aponeurosis sometimes makes the FTM tendon difficult to clinically evaluate and can lead to underestimation of the prevalence, it was necessary to palpate it from the antero-lateral aspect of the ankle to its insertion.

In the present study, in the overall sample, we found that the prevalence of FTM in the right and left foot was 38.25% and 38.46%, respectively. These results are not similar to the results reported by Joshi et al \[[@pone.0215118.ref035]\], which were 20% and 17% in the right and left foot, respectively, nor to the results reported by Ramirez et al \[[@pone.0215118.ref034]\], who found a greater FTM prevalence in males compared to females, with 55.88% for the right foot and 57.35% for the left foot in males and females overall. Witvdrow et al \[[@pone.0215118.ref014]\] reported a prevalence of 81.6% in males and 81.4% in females. In our opinion, these results (ranging from 17% to 81.6%) are due to the different sample sizes in each study, and is necessary to calculate the minimum number of participants to include in a study to make the studies homogeneous in order to compare the results.

Regarding the ORs of the comparisons of the presence of the FTM in Spain and other countries, only the French sample indicated no significant difference. All the other countries had a significant difference. We believe that this is due to the fact that the appropriate sample sizes were not calculated in these studies, which used samples ranging from 32 participants (in the study in Brazil) to 247 participants (in the study in Thailand). These sample sizes do not meet the statistical requirements for generalizing the results to other populations or races. However, when comparing the 481 participants in our study with the 457 participants included in the study in France, the sample sizes were sufficiently large to generalize the results, and we think that this is the reason that there was no significant difference between the two countries.

Also, the significant differences may be due to non-random sampling, ethnicities sampled, and inclusion/exclusion criteria used in the various studies.

The FTM can be considered as an accessory muscle for eversion and dorsiflexion of the foot, so its absence should not significantly decrease this function, according to Witvrouw et al \[[@pone.0215118.ref014]\]. However, clinicians should assess its absence in athletes or older people as a possible etiologic factor that could underlie many problems involving the stability of the talocrural region.

The detection and prevalence of the FTM can be very important for foot surgeons because they can use an FTM flap transposition as an autologous tendon graft \[[@pone.0215118.ref036]\]. Also, the study of the FTM is relevant from academic, anatomical, physiotherapeutic, and orthopedic surgery viewpoints in terms of the treatment and/or rehabilitation of chronic instability following functional lateral ankle sprains and instability \[[@pone.0215118.ref018],[@pone.0215118.ref037],[@pone.0215118.ref038]\]. Due to its variability and possible influence on the biomechanics of the foot, further research is needed on the prevalence of the FTM and its influence \[[@pone.0215118.ref039]\]. Also, detailed studies of this muscle should be carried out (using surface anatomy palpation) in different population groups with normal and pathology feet and gaits in order to provide additional useful information.

Conclusions {#sec011}
===========

The present study revealed that the presence of the FTM is variable and is not influenced by an individual's sex. In light of our results regarding significant differences in the prevalence of the FTM between countries should be carefully evaluated rather than generalizing the results of this Spanish study to other non-Spanish populations including to populations with different proportions of people from various ethnic backgrounds. Larger numbers of participants should be enrolled in future studies in order to meet the statistical criteria used in the sample size calculation in this study.
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